Objective: To assess resistance to passive isokinetic movements at speci®ed speeds and range of motion, as a measure of muscular tonus. Methods: A group of 12 subjects with complete traumatic spinal cord injury and a group of 12 able-bodied subjects were analysed, distinguishing the level of spasticity in the SCI group. Maximum eccentric peak torque was observed in passive isokinetic¯exion (F) and extension (E) knee movement in displacements of 30, 60 and 1208 per second. Results: The Student t-test showed that the average torque in the injured group was signi®cantly higher than in the control group (F=1208 per second, P50.001). Variance analysis showed that the lower level presented lower torque levels (E=60 and 1208 per second, P50.032), while those in the higher level presented higher torque levels (F and E=60 and 1208 per second, P50.032) when compared to the control group. In the control group the Student t-test (P50.0006) showed a signi®cantly dierent muscle behavior (Flexion4Exten-sion Torque). Conclusion: By using isokinetic assessment it was possible to quantify hypertonic spasticity in a group of subjects with spinal cord injury, distinguishing groups with higher and lower levels of spasticity as compared to a control group.
Introduction
Spasticity is more dicult to characterize than to recognize and still more dicult to quantify. 1 Its measurement is important in order to assess the eciency of therapeutic interventions. In clinical practice it has been identi®ed by neurological examination and by speci®c clinical scales. 2 Tools in quantitative assessment of spasticity use neurophysiological and biomechanical methods, and there is no unanimous understanding of which would be the most adequate technique. Use of isokinetic dynamometry as a method of assessment of spasticity started in the 1980's. 3 ± 8 The goals of this study are (1) To measure the resistance (eccentric torque) caused by the passive isokinetic movement of the knee in dierent displacements, as a measure of muscular tonus, in subjects with traumatic spinal cord injuries (SCI), as compared to a control group; and (2) to determine dierences among an able-bodied control group and a clinically spastic one.
Methods
Twelve subjects were studied with complete traumatic thoracic spinal cord injury (ASIA A-American Spinal Injury Association) 9 from the Spinal Cord Injury Unit of the Brazilian Bene®cent Association of Rehabilitation, with clinically detectable spasticity (Ashworth Scale 1 ± 3) 10 and without history of previous knee trauma nor disease. The group was classi®ed according to level of spasticity: Groups SCI 1 (Ashworth Scale 1 and 2, n=6) and SCI 2 (Ashworth Scale 3, n=6). Distinction of cause of trauma and time since injury was not made. The clinical characteristics of the group of subjects are shown in Table 1 . The patients were compared to a control group of 12 able-bodied subjects, with no history of neurological disease nor knee injury, paired by sex and age. All subjects were advised of the experiment's content, procedures, and goals, and gave their consent to participate in the study, which had the approval of the local ethical committee.
Isokinetic exam protocol was based on the exam described by Firoozbakhsh et al, 7 the equipment was Cybex 6000 1 (Ronkokoma, NY, USA). The subject was positioned in the dynamometer's seat, the back was tilted to 858, the client axis fore/aftward to dynamometer axis, the distance of the seat back to client and the height of the dynamometer were adjusted, pursuing a congruence between the axis of movement of the knee and the dynamometer.
The subject was seated with chest and thigh restrained by straps. Attachment of the lower limbs to the active arm of the dynamometer was made 4 cm above the lateral malleolus. The test program was selected, informing the following data: joint examined (¯exion and extension of the knee), body mass (for the automatic gravity calculation), side tested, operation mode (active assisted, which permits passive movement), type of movement (eccentric), protocol used (®ve¯exion and extension of knee with displacements of 30, 60, 1208 per second, with resting periods of 10 s), eccentric peak torque limit (100 Nm), and range of motion (258 extension and 858¯exion). The patient's spasticity was classi®ed clinically using the Ashworth scale just before being tested. When testing able-bodied subjects, they were asked not to interfere on the passive movements of the dynamometer, keeping their limbs relaxed. Before measurement began, the equipment proceeded with three movements at each of the three speeds, accustoming the subject with the procedure. The right and left lower limbs were tested. The average time of each experiment was of approximately 20 min, all tests were made by the same operator.
The following statistical tools were used: Student ttest to compare the SCI group to the control group; one-way analysis of variance test (ANOVA) and Tukey test to compare SCI 1 (Ashworth 1 and 2), SCI 2 (Ashworth 3) to the control group. The level of signi®cance was of P50.05.
Results
The measured torque in passive knee¯exion (FT) and extension (ET) movement always refers to the eccentric muscle.
The Student t-test was applied to verify if there are any signi®cant dierences between peak torques of left and right lower limbs in all the subjects tested (SCI n=12, control n=12), obtaining the results described in Table 2 . Since there are no signi®cant dierences between left and right lower limbs in the subjects tested, it is admissible to infer that each of the sides is an independent group of data pertaining to the same normal schedule, identically distributed. The data was therefore grouped into the same sampling population, expanding the sample to 48 tested lower limbs (SCI: n=24, Control: n=24, SCI 1: n=12 and SCI 2: n=12).
The average eccentric peak torque on passive extension and¯exion knee movement are sorted in Table 3 and Figures 1, 2 , 3 and 4. 8  5  3  3  3  5  11  8  6  4  8  5   3  3  1  2  1  3  2  2  2  3  3  3 VA, vehicle accidents; FAP, ®re arm projectile; Fall, fall from height The widest dierence between average torque among the control group and SCI occurs at a displacement of 1208 per second, during¯exion movement (FT 120), and widens further when the group with the severest degree of spasticity (SCI 2, Ashworth 3) is isolated. In the control group the highest torque levels are reached during extension movement (ET). In group SCI 1 (Ashworth 1 and 2) , at displacements of 30 and 608 per second, torque was not detected during¯exion movement (FT 30, FT 60).
The Student t-test on control group and SCI (n=24) showed a signi®cant dierence only durinḡ exion movement at a displacement of 1208 per second, with P50.001, as in Table 4 .
ANOVA-one way and the Tukey test were used to compare the mean of the eccentric peak torques in the control (n=24), SCI 1 (n=12) and SCI 2 (n=12) groups that are shown in Table 5 and Figures 3 and 4 .
The results on Table 5 show that there is among the groups a signi®cant dierence between the eccentric peak torque means in extension and¯exion movement, at displacements of 60 and 1208 per second. At angular speed of 308 per second no dierence was observed. Tukey analysis shows that during extension movement (ET) group SCI 1 has signi®cantly lower means than the control group, while SCI 2 has signi®cantly higher ones. During¯exion movement (FT), SCI 2 means are signi®cantly higher than the ones in the control group. There are no dierences among the control group and SCI 1 during this movement. To verify dierences in the behavior of the studied muscles (extensor in¯exion movement and¯exor in extension movement) in each group, the Student t-test was used. The results (Table 6 ) only show signi®cant dierences in the control group. The¯exor muscle group, during passive extension movement, reveals higher torque averages than the extensor group, during passive¯exion movement, at the three dierent displacements studied. There are no significant dierences in the¯exor and extensor muscles in groups SCI, SCI 1 and SCI 2.
Discussion
Spasticity level¯uctuation is a major concern in a quantitative evaluation. 11 Hence, a single test, with an Ashworth scale evaluation immediately before starting the study, was adopted as the adequate tool, in view of the fact that spasticity may vary with emotion, temperature, infection or with anti-spastic medication. 12 Systematic use of positioning and passive range of motion is of uttermost importance, in that the subject's position and joint course aect muscle length. Muscle spindle activity is linearly related to muscle length, therefore its activation threshold is reduced during passive stretch. 13 Wolf et al 14 15 This dependence has been attributed to the velocity sensitivity of primary spindle endings, or to an alteration in the response properties of spastic motoneurons. 16 Another factor that aects resistance to passive movement is repetition. Stretch re¯ex reduction due to fatiguability on repeated testing has been previously shown, 17 hence only ®ve knee movements were made at each angular speed.
To avoid the risk of injury a 100 Nm torque limit was employed, at this point the dynamometer would turn itself o. This limit, however, was not reached in the exams, the maximum torque was of 39 Nm.
In the control group the eccentric torque means were signi®cantly (P50.006) higher in extension rather than in¯exion movement (Flexor torque4Extensor torque). This behavior is expected due to the position of subject when examined (seated) ± in this position during knee movement¯exor muscles are stretched further than extensor muscles, hence a greater resistance to passive movement in the¯exors. Signi®cant dierences in muscle behavior were not observed in injured subjects. This can be explained by the higher torque levels observed in extensor muscle in groups SCI 1 and SCI 2 and by the fact that SCI 1 presented lower torque in both extensor and¯exor muscles due to probable mechanical property changes of muscles.
Student t-test, on control group and SCI (n=24), showed a signi®cant (P50.001) dierence among the mean eccentric torque in passive¯exor movement at 1208 per second (torque observed in extensor muscle), which are higher in SCI subjects. According to Vodovnik et al, 18 generally the muscles that are more strongly aected by spasticity in knee joint are the quadriceps. In Firoozbakhsh et al 7 average peak torque values found in extensor muscles were higher in the spastic subject group when compared to the control group, but without signi®cant dierences. When the sum of four consecutive torque was used, the dierences were found signi®cant. When subjects were sorted by severity of spasticity in SCI 1 (Ashworth 1 and 2, n=12) and SCI 2 (Ashworth 3, n=12), an important change in average torque behavior was observed. In speeds of 60 and 1208 per second signi®cant dierences were found when using variance analysis. In extension movement the torque averages in SCI 1 were found signi®cantly lower than those in the control group and the averages in SCI 2 groups were found signi®cantly higher (P50.0320). In¯exion movement the torque averages in SCI 1 were equal to those in the control group, and these signi®cantly lower then those in SCI 2 (P50.0041). In displacements of 308 per second signi®cant dierences were not observed among the groups.
The unexpected results in SCI 1 had already been observed by Perell et al 8 using a similar protocol in a homogeneous subject population with spinal cord injury divided into¯accid and spastic groups and compared to a control group of able-bodied subjects. They found lower torque levels in the spastic group when compared to the¯accid and able-bodied subject groups.
Vodovnik et al 18 demonstrated using the pendulum test that subjects with spinal cord injury at thoracic level with clinically detectable spasticity develop a hypotonic condition, with 11 ± 12 pendulum movements, while in the control group only seven pendulum movements were observed. The authors point to the fact that the atrophy was evident in lower limb muscles, inferring that the atrophy due to disuse resulted in a reduction of the number or in the diameter of muscle ®bers, reducing its viscoelastic properties. Douglas et al 12 compared 16 subjects with spinal cord injury to 17 able-bodied subjects and found reduction of muscle tonus in spastic SCI subjects, also relating the fact to muscle atrophy.
Higher average torque in groups SCI 1 and SCI 2 is as expected and such has been demonstrated in previous studies. 6, 7, 19 Lower torque in SCI 1 group and higher torque in SCI 2 group suggests that subjects with less severe spasticity levels present a dierent behavior if compared to subjects with severe levels of spasticity.
Conclusion
It was possible, with the isokinetic examination (at displacements of 60 and 1208 per second), to determine the resistance of passive movement as a measure of muscular tone in a group of patients with spastic SCI and a control group of able-bodied subjects. This technique distinguishes complete thoracic level spinal cord injury subjects from a control group of able-bodied subjects, showing dierences in behavior according to the severity of spasticity in the SCI group.
